Objective: Describe the situation of vitamin D deficiency in children aged 6 -11 years at Vietnam National Children's Hospital. Method: Cross-sectional study. Results: In 155 healthy children in the study, vitamin D deficiency (25(OH)D serum level < 50nmol/l) was 23.9%. Common clinical symptoms of vitamin D deficiency were long bone pain (32%) and low ionized calcium level (83.8%). There was inverse linear correlation between vitamin D level, weight-for-age z score (WAZ) (r= -0.266 and p<0.01) and BMI-for-age z score (BAZ) (r= -0.241 and p<0.01). Conclusion: There was a high prevalence of vitamin D deficiency in healthy children aged 6-11years (23.9%), the most common clinical symptoms of vitamin D deficiency were long bone pain and low serum level of ionized calcium, which have value in vitamin D deficiency diagnosis. ABSTRACT OJGH: https://escipub.com/open-journal-of-gastroenterology-and-hepatology/ 1 Luu Thi My Thuc et al., OJGH, 2019 2:16 OJGH: https://escipub.com/open-journal-of-gastroenterology-and-hepatology/ 2
INTRODUCTION
Micronutrients play critical role to the comprehensive physical, intellectual and immunity development of children aged 6 -11 years (primary school age). Among necessary micronutrients for this stage, vitamin D is important for the skeletal system, preparation for height development at puberty and reduction of chronic disease risks at adulthood [1] . Currently, vitamin D deficiency is common in many places around the world, not only in European countries where sunshine is rare but also in Asian and African countries with an abundance of sunshine. In Vietnam, according to statistics in 2010, 21% children aged 6 months -6 years had severe and 37% had moderate vitamin D deficiency [2] . In Vietnam, undernutrition in children under 5 has dramatically decreased, however stunting level is still challenging. The stunting percentage in children aged 6 -11 is 15.6%/year [3] . .For children at primary school age, emotionally, they would like to express their autonomy, also they receive less diet control from parents. However, physically, in this stage, children need to accumulate necessary nutrients with high amounts to prepare for drastic development at puberty. Kar B (2008) proved that stunting in children aged 5 -10 years affects cognitive development [4] . Vitamin D deficiency is defined when 25(OH)D serum level < 50nmol/l and this is the most common but almost most neglected vitamin deficiency. A study was conducted in 4 South East Asian countries in 2010 -2012 on 16,744 children who represented 20 million children aged 6 months -12 years in South East Asia. Data showed that the deficiency (insufficiency) was most serious in Vietnam with 52.2% and 46.1% children aged 5-11 in urban and rural areas, respectively, had vitamin D insufficiency. The figures in Thailand were 45.6% and 27.7% in urban and rural areas, respectively. Figures for Malaysia were 50.2% and 36.9% [5] .
Besides its responsibilities in treatment, Vietnam National Children's Hospital has the responsibility of consultancy and communication to the community. Therefore, the hospital realized that it is necessary to study the situation of vitamin D deficiency in children aged 6 -11 (primary school age) for responsive interventions. The study "Vitamin D deficiency in children aged 6 -11 at Vietnam National Children's Hospital" was conducted to describe the situation of vitamin D deficiency and some relevant factors in children.
METHODS

Subjects:
155 healthy children aged 6 -11 from primary schools in Northern Vietnam, who visited Vietnam National Children's Hospital for frequent health check from June to September 2018. Children with metabolism diseases, bone or joint abnormalities, any chronic disease or who were using any medications that affected vitamin D and calcium metabolism or multivitamins within 2 months at the time of study were exempt from the study.
Methods: Cross-sectional study
Variables collection:
Children were checked and examined by pediatrists for comprehensive evaluation of their health and only healthy children were eligible for the study. Children were weighed with SECA electronic scale with precision 0.1kg and their heights were measured with UNICEF wooden 3-piece ruler with precision 0.1cm. Children's blood samples were collected for analysis of pre-breakfast 25(OH)D, ionized calcium, total calcium, phosphorus, alkaline phosphatase (ALP), albumin, protein, and magnesium. Nutritional status was assessed based on WHO's guideline of weight-for-age z score (WAZ), height-for-age z score (HAZ), BMI-for-age and gender z score (BAZ) [6] . Quantify serum 25(OH)D using electrochemiluminescence immunoassay analyzer (ECLIA). Severe deficiency is defined with 25(OH)D level <20 nmol/l, defeciency is defined with level 20-<50 nmol/l, low level is defined with 50-<75 nmol/l, optimal range is 75-250 nmol/l and >250nmol/l is considered as toxicity [1] . Normal values of total calcium: 2.1 -2.6 mmol/l, serum ionized calcium: 1.0 -1.3 mmol/l, serum phosphorus (P): 1.29 -2.26 mmol/l, serum magnesium (Mg): 0.75 -1 mmol/l, serum iron: 9 -25µmol/l, alkaline phosphatase (ALP): 90 -300 UI/l, serum albumin: 35 -50g/l, total protein: 60 -80g/l. Evaluate food intake frequency: According to guidelines in Vietnam, daily intake is defined as more than once a day, weekly intake as 1 -6 times/week, monthly intake as 1 -4 times/month and rare intake as less than once a month. For milk, when milk intake is more than 100ml/day, it is considered as daily intake because Vietnamese children do not frequently have milk drinking habit.
Evaluate food diversity: Based on the number of food groups in children' diets. Children's diets are considered diverse when they have intake for at least 5 in 8 food groups recommended by FAO (2008).
Data handling:
Based on height and weight; calculate WAZ, HAZ and BAZ by WHO 2007 Anthroplus software for children aged 5-19 [7] . Data was input and handled using SPSS 16.0 software. Before statistics, quantification variables were adjusted to standard normal distribution. 
RESULTS
There were 5 overweight children (3.2%) Underweight: WAZ <-2SD, stunting: HAZ<-2SD and wasting: BAZ <-2SD Undernutrition level: -2SD to -3SD: moderate, <-3SD: severe
Among 155 children joining the study, there were 84 boys (54.2%) and 71 girls (45.8%), average age was 7.56. There were 46 children in the age group of 6, 38 children in the age group of 7, 32 children in the age group of 8, 19 children in the age group of 9 and 18 children in the age group of 10, only 2 children aged 11 joined the study. Undernutrition ratio was high in children aged 9-10, children aged 9 had the highest ratio of underweight, while stunting ratio was highest in children aged 10 (table 1). 
Graph 1: Clinical symptoms of vitamin D deficiency
There were not so many clinical symptoms of vitamin D deficiency, mostly long bone (fibula leg) pain (32.4%), muscle pain and cramp (8.1%), back pain (2.7%) (graph 1). Vitamin D deficiency is usually common in children with good body weight and is rarely seen in underweight children, which was shown in graph 2 and 3.
Graph 2. Correlation between vitamin D level and WAZ
There was inverse linear correlation between vitamin D level and WAZ (with r= -0.266 and p<0.01).
Graph 3: Correlation between vitamin D level and BAZ
There was inverse linear correlation between vitamin D level and BAZ (with r= -0.241 and p<0.01). Among food groups, there was a correlation between daily milk intake and vitamin D status. Children with daily milk intake had vitamin D deficiency risk only 0.17 times (for formula milk) and 0.24 times (for UHT milk) of children without daily milk intake. 
VitaminD <50nmol/l: low vitaminD Vitamin D ≥ 50nmol/l: normal vitamin D (ᵇ: test )
Besides, children with not diverse diets faced the risk of vitamin D deficiency that is 3 times higher than those with diverse diets, with p<0.01 (table 6) .
DISCUSSION
The average age of samples was 7.56 ± 1.41. The highest ratio of children who came for examination were 6 years old (29.7%) and this ratio gradually decreased when children got older, with the lowest ratio in children aged 11
(1.3%). So, older children receive less frequent health check, because they get ill less frequently and also they are more independent in their diets, so they receive less care for the diets from their parents.
Primary school age is a remarkable developmental stage of childhood, is the stage for physical and intellectual development. Undernutrition in this stage is the most common cause affecting health, study results in junior high and high school, as well as children's study and work performance later in life.
Children's nutritional status is classified by WHO standard 2007 for children in school and adolescent age (5 -19 years old). The undernutrition ratio in the study was similar to those conducted in the community [8] , [3] , [9] because these children are healthy and just went to the hospital for health check in summer time. The ratio of underweight was 19.4% and was common in children under 9 (table 1) , stunting was 15.5% and wasting was 16.1%. All three forms of undernutrition were seen as increasing by age. For children aged 11, no undernutrition case was observed, maybe because of low number of children aged 11 in our study (only 2 children). The ratio of undernutrition and severe undernutrition was highest in children aged 9 and 10, maybe because children get into pre-puberty and have high nutrition demand, so if nutrition supply is insufficient, children will get undernutrition more easily if compared to older children. Furthermore, at this stage children are mature enough to eat whatever they like, therefore they usually eat junk food which affects their nutritional status. This was an alarming result because childhood undernutrition will lead to intellectual retardation and health deterioration in later life, therefore this stage needs early detection and responsive intervention.
Previous studies showed that vitamin D deficiency in Vietnamese children was quite high, with 58% children under 5 and 48.1% children aged 6 -11 [3] . The ratio of vitamin D deficiency in our study was 23.9% (table 2) but children with low vitamin D level (50 -75nmol/l) accounted for 44.5%, in total the ratio was 68.4%. This result was lower than that of Malaysia, which was shown by Khor's survey as 72.4% in children aged 7 -12 in Kuala Lumpur, China (58.8% in children aged 6 -11) , and Iran (86% children) [11] .
So, vitamin D deficiency is common even in tropical countries with lots of sunshine like Malaysia and Vietnam. Only 31.6% children in our study had optimal vitamin D level. Average vitamin D level of all samples was 67.36 ± 23.94 nmol/l (table 3) , which was quite low and alarming because maximum bone mass accumulation occurs in this stage, vitamin D deficiency will seriously affect bone development and mineralization for optimum height development and general development at puberty. A lot of sunshine cannot guarantee vitamin D sufficiency for the body, the important point is that we need proper contact with sunshine so that skin can synthesize enough vitamin D for the body, besides, vitamin D deficiency can be related to other factors such as skin color, season, age, gender and especially diet.
Sub-clinical vitamin D deficiency was high in children aged 6 -11, so how can we detect vitamin D deficiency via clinical symptoms? Clinical symptoms of vitamin D deficiency (graph 1) showed that these symptoms were not as clear as those of young children. The most common symptoms are fibula pain (32.4%), then muscle pain, cramp (8.1%) and 2.7% children had back pain. Some studies [12] , [13] also concluded that leg pain and back pain are 2 main symptoms of vitamin D deficiency in older children, however these pains are subtle so usually lack attention for a long time and are misdiagnosed. Vitamin D deficiency symptoms in children aged 6 -11 are distinct and are not as typical as rickets, so vitamin D deficiency diagnosis is mostly based on quantification of serum 25(OH)D, as other biochemical indicators in vitamin D deficiency screening have little value for older children. However, it is impossible to carry out 25(OH)D quantification in all health settings, so basic tests that help vitamin D and rickets screening and diagnosis are still ALP and total calcium. However, results (table 4) showed that only 5.4% children had high ALP and 2.7% children had low total calcium. Although ionized calcium is not considered as a procedure for vitamin D and calcium deficiency diagnosis, result (table 4) showed that low ionized calcium was more common in vitamin D deficient children (83.8%) than low total calcium. ALP, serum calcium and phosphorus rarely change in vitamin D deficient children. Quantification of calcium, phosphorus and ALP is not enough for vitamin D deficiency diagnosis as they are affected by parathyroid hormone (PTH).
We also surveyed other sub-clinical indicators of vitamin D deficient children and found out that 5.4% vitamin D deficient children had anemia, 8.1% had low serum iron, while indicators of protein, albumin, magnesium were normal.
Results (graph 2 and 3) showed inverse linear correlation between vitamin D and WAZ, BAZ with correlation coefficient r= -0.266 and r= -0.241 (p<0.01), respectively. According to study of Tirang R in children aged 9 -12 in Tehran in 2008, vitamin D also had correlation with WAZ (r = −0.091; CI 95% (−0.13; −0.04); p = 0.003) and with BMI r = −0.092, CI 95% (−0.14;−0.04); p = 0.002) [11] . Another study in Jeddah -Saudi Arabia in 2015 on children aged 4 -13 also pointed out that vitamin D deficient children had higher average weight than those with normal vitamin D level, with p<0.001 [14] .
Overweight and obese people are known to have lower vitamin D level compared to people with normal body weight. A study on children aged 6 -12 in Busan, Korea in 2016 showed that vitamin D deficient children had higher BAZ than vitamin D sufficient children (0.55±0.98, higher than 0.19±1.05 with p=0.002), and overweight and obese children has 2.1 time-higher risk of vitamin D deficiency than normal children (OR=2.1 (1.1 -4.3), p <0.01) [15] .
Besides sedentary lifestyle [16] , another important cause is vitamin D's solubility in lipid, so vitamin D is "trapped" in fat cells, making it less biological active, that is why vitamin D deficiency is more common in obese people. A limit in our study is that we could not point out the correlation between obesity in children and vitamin D deficiency, due to low number of subjects (5 children), but our results also showed that there was remarkable correlation between vitamin D and body weight, BMI.
Deficiency of calcium and vitamin D in children aged 6 -11 will cause mental retardation, bone abnormality and increase of osteoporosis and bone fracture risks. Zhu K studied the supplementation of vitamin D-added milk for Chinese children aged 10 -12, the study showed that children's height was increased by 0.6% compared to control group after intervention. The effect was most seen in children with low calcium intake and low serum vitamin D before intervention [17] . Another study was conducted on 113 children aged 12 -15 to study the effectiveness of vitamin D supplementation at the dose 800 IU/day for children in 6 months. The study showed that vitamin D-supplemented children's height was 0.9cm higher than the control group. This study gave the recommendation that for school children, when there is vitamin D insufficiency, it is necessary to supplement vitamin D with treatment dose of 800 IU/day in 6 months for remarkable effect on children's development [18] .
Diet, especially milk, has close correlation with vitamin D deficiency in school age. In our study, most children consumed formula milk and UHT milk, however the number of children having frequent milk intake is low due to Vietnamese's people habit. In the result (table 5), children with daily milk intake had lower rate of vitamin D deficiency than children without milk intake, with p<0.01. The percentage of vitamin D deficiency in children having daily formula milk intake was 9.1%, in children having daily UHT milk intake was 12.3%, meanwhile the percentage was 36.8% in children without milk intake. Children with daily formula milk intake had vitamin D deficiency risk of 0.17 times compared to those without daily milk intake, while the ratio was 0.24 times for UHT milk. Hoppe found out that Chinese children with milk intake were remarkably higher than those without milk intake [19] . For developing countries, milk has massive supporting function as daily diet cannot provide enough nutrients.
Besides, a study of Zhu K conducted on Chinese adolescents showed that intervention with intake of calcium and vitamin Dsupplemented milk decreased serum levels of alkaline phosphatase, parathyroid hormone (PTH) and insulin-like growth factor 1 (IGF1), which indirectly reflected the increase of calcium, vitamin D metabolism and bone formation [17] .
Besides milk, our study did not recognize the correlation between frequency of intake of food such as meat, fish, shrimp, crab, snail, eggs, vegetables, peanuts, bean, etc. with vitamin D deficiency. This was explained as the main vitamin D source is synthesis under sunshine, natural food just contains a small amount of vitamin D in some kinds like milk, eggs, and mushrooms. Other kinds of food contain almost no vitamin D. Nevertheless, food diversity also helps decrease the risk of vitamin D deficiency. There was a correlation between vitamin D deficiency and food diversity in the diet (table  6) . Children with diverse diets has lower rate of vitamin D deficiency (13.1%) than those without diverse diets (30.9%). Children without diverse diets has the risk of vitamin D deficiency that is 3 times higher than those with diverse diets, with p<0.01.
CONCLUSION:
Vitamin D deficiency is most common in children aged 6 -11, with long bone pain as the most seen clinical symptom. Blood test showed a high ratio of low ionized calcium. Children with diverse diets and daily milk intake have a lower risk of vitamin D deficiency.
RECOMMENDATION:
Children should be provided milk daily milk intake to provide them with enough nutrients for their growth and study. In places that facilities are not enough to quantify 25(OH)D, ionized calcium has better value in diagnosing calcium deficiency and suggesting vitamin D deficiency than total calcium.
